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1.  INTRODUCTION 

The  purpose  of  this  project  is  the  development  of  criteria  for 
the  fabrication  of  jet  exhaust  resistant  concretes.  Concretes  under 
development  are  evaluated  by  exposure  to  hot  gases  from  a combustion 
chamber.  The  combustion  chamber  delivers  these  gases  at  velocities 
and  temperatures  approaching  field  conditions. 

2.  ACTIVITIES 

2.1  Fabrication  of  Test  Specimens 

Twelve  brick  shape  concrete  specimens  were  fabricated  for  the 
purpose!  of  studying  the  effect  of  the  vacuum  method  of  placing  concrete 
oa  the  resultant  permeability.  The  mix  used  for  one  set  of  six  spec- 
imens was  portland-diabase  concrete,  referred  to  in  many  previous 
reports  as  P-D^-.  The  mix  used  in  the  second  set  of  six  specimens 
was  a portland  cement-blast  furnace  slag  concrete,  referred  to  in 
previous  reports  as  P-BF-.  In  each  set  of  six  specimens  four  were 
evacuated  immediately  after  placing.  Two  of  the  four  were  evacuated 
from  the  top  surface,  as  positioned  in  the  mold,  two  were  evacuated 
from  the  bottom  surface,  and  the  remaining  two  were  conventionally 
placed. 

In  that  phase  of  the  project  dealing  with  pressure  developed 
within  concrete  during  exposure  to  rapid  heating,  such  as  occurs 
during  jet  exhaust  impingement,  three  specimens  were  fabricated  using 
the  aforementioned  mix  P-D.-.  These  specimens  were  instrumented  with 
axially  slotted  probe  tubes  with  the  open  end  positioned  at  one- 
sixteenth  of  an  inch  from  the  surface  which  is  to  be  exposed  to  jet 
exhaust. 

Four  molds  were  so  constructed  that  hypodermic  needles  as  probe 
tubes  could  be  positioned  in  the  concrete  specimen  when  cast.  These 
needles  were  soldered  to  a plate  which  became  integral  with  the  back 
of  each  specimen  when  removed  from  the  mold.  Four  specimens  were  cast 
using  the  P-D^  mix.  The  needle  sizes  were  B & S 13,  19,  20,  and  21. 

2.2  Testing  of  Specimens 

The  permeability,  change  in  water  content,  and  modulus  6f 
elasticity  were  determined  on  the  12  brick  shape  specimens  mentioned 
in  2.1.  These  properties  were  determined  at  varying  moist  curing 


and  drying  periods,  indicated  in  Tables  I and  II,  and  additional 
measurements  of  modulus  of  elasticity  were  made  at  seven  day  intervals 
during  moist  curing. 


2.3  Results 

The  data  obtained  on  the  specimens  fabricated  using  mix  P-D^- 
appears  in  Table  I and  that  for  specimens  fabricated  using  mix 
P-BF-  appears  in  Table  II. 

The  changes  in  water  content  during  curing  and  drying  are  illus- 
trated in  Figures  1 and  2 for  the  evacuation  and  conventional  placing 
methods.  The  effect  of  duration  of  the  test  on  permeability  values 
is  shown  in  Figure  3.  Figures  4 and  5 show  the  effect  of  moist 
curing  and  drying  on  permeability. 

2.3.1  Weight  Change 

As  shown  in  Figures  1 and  2 the  specimens  fabricated  by  the 
vacuum  method  gained  more  water  in  the  fog  room  than  those  conven- 
tionally placed.  However,  the  conventionally  placed  specimens  lost 
much  more  weight,  assumed  to  be  water,  in  the  early  stages  of  drying 
than  the  specimens  fabricated  by  the  vacuum  method. 

The  water/cement  ratio  of  the  conventionally  placed  specimens 
was  considerably  higher  than  that  remaining  after  fabrication  by  the 
vacuum  process  as  given  in  Tables  I and  II.  It  may  be  speculated 
that  somewhat  more  water  enters  into  chemical  combination  with  the 
cement  in  the  vacuum  process.  This  is  also  indicated  by  the  modulus 
of  elasticity  data. 


2.3.2  The  Effect  of  the  Duration 
of  the  Permeability  Test  on  Permeability  Values 

The  duration  of  the  flow  of  permeating  gases  through  a specimen 
has  been  shown  to  affect  the  value  of  permeability  for  some  materials.* 
The  extent  of  this  effect  on  two  concrete  specimens  as  shown  in  Figure 
3.  The  variation  in  permeability  values  with  the  time  of  flow  in  the 
permeability  test  depends  on  the  history  of  the  specimen.  The  con- 
ventionally placed  specimen  when  tested  during  moist  curing  had  less 
stability  in  permeability  than  it  had  after  drying  treatments.  The 
specimen  of  similar  composition  which  was  placed  by  the  vacuum  method 
was  comparatively  stable  in  permeability  during  moist  curing  and  drying. 
The  instabilities  were  probably  due  to  water  transportation  and/or 
evaporation  of  water. 


* 

"Permeability  and  Some  Other  Properties  of  a Variety  of  Refractory 
Materials  I and  II."  J.  American  Ceramic  Society,  Vol.  36  [7]  and  [8] 
(1953),  G.  B.  Massengale  et  al. 
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2.3.4  Change  in  Permeability 
with  Curing  and  Drying 

For  concrete  P-BF  the  permeability  after  28  days  moist  curing  was 
less  than  that  at  shorter  curing  periods,  Figure  5.  This  data  and  that 
given  in  NBS  Reports  6653  and  6909  show  that  permeability  usually  in- 
creased for  most  concretes  during  the  early  stages  of  drying,  or  capil- 
lary water  is  lost. 

Concrete’s  fabricated  by  the  evacuation  method  developed  greater 
permeabilities  than  those  of  the  conventionally  placed,  irrespective 
of  the  type  of  aggregate  or  method  of  evacuation.  Data  indicates  that 
some  of  the  connected  pores  formed  during  evacuation  are  retained  after 
curing  and  drying.  The  difference  in  permeability  for  the  evacuated 
and  conventionally  placed  concretes  was  more  pronounced  for  the  con- 
cretes having  the  blast  furnace  slag  as  aggregate.  The  range  of  per- 
meabilities was  about  the  same  for  the  concretes  made  from  the  porous 
blast  furnace  slag  aggppgate  as  it  was  for  concretes  made  using  the 
dense  diabase  aggregate.  This  data  together  with  that  previously 
reported  indicates  that  the  pores  in  the  blast  furnace  slag  aggregate, 
do  not  greatly  effect  the  permeability  of  the  resulting  concrete. 

2.3.5  Moduli  of  Elasticity 

The  modulus  of  elasticity  of  the  portland-diabase  concretes,  when 
placed  by  the  vacuum  method,  gave  values  higher  than  when  placed  by 
the  conventional  method,  especially  during  the  early  moist  curing 
periods  and  remained  higher  for  ages  up  to  40  days  drying.  The  con- 
cretes made  with  blast  furnace  slag  aggregate  and  fabricated  by  the 
vacuum  method  also  had  higher  moduli  at  the  early  curing  ages  than 
the  conventionally  placed,  but  the  moduli  of  specimens  fabricated 
by  both  methods  were  practically  equal  after  three  weeks  drying. 

2.4  Pressure  Developed  within  Concrete 
During  Rapid  Heating 

Three  jet  impingement  tests  were  made  on  concrete  specimens  for 
the  purpose  of  determining  the  pressure  developed  within  concrete  during 
rapid  heating.  The  pressure  transducer  method  was  used  to  detect  rise 
in  pressure  with  accompanying  rise  in  temperature.  The  results  were 
unsatisfactory,  indicating  less  than  10  psi  pressure. 

Some  additional  apparatus  was  obtained  with  the  intent  to  improve 
the  instrumentation  in  the  study  of  pressure  developed  within  concrete 
during  exposure  to  the  jet  impingement  test.  The  schematic  arrangement 
of  this  apparatus  was  similar  to  a Direct  Venous  Pressure  instrument. 

The  three-way  valve,  the  filling  syringe,  and  the  hypodermic  needle 
will  be  used.  The  manometer,  however,  will  be  replaced  by  a closed  end, 
gas  filled,  capillary  pressure  tube  suitable  for  higher  pressures.  The 
hypodermic  needles  will  serve  as  miniature  probe  tubes  and  will  be  cast 
in  place  in  the  concrete  test  specimens.  Paragraph  3 of  Part  2.1  describes 
molds  used  and  specimens  cast  for  this  phase  of  the  project. 
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2.5  Cooperative  Jet  Impingement  Tests 

Two  panels  of  a series  of  seven,  that  were  fabricated  at  the 
National  Bureau  of'  Standards  laboratory  to  be  used  in  cooperative  jet 
impingement  tests  with  NAVCERELAB,  have  been  subjected  to  our  laboratory 
jet  test.  Both  evidenced  slight  failure,  the  first  after  51  days  and 
the  second  after  105  days  drying  at  50%  relative  humidity  and  73°F. 

The  second  panel,  due  to  the  54  days  additional  drying,  had  ten  percent 
less  loss  caused  by  jet  impingement. 

2.6  A Study  of  Concreting  Materials 
and  Concretes  for  Naval  Facilities 

Four  ooncrete  test  panels  (18  x 18  x 6 inches)  were  received  from 
the  Fifth  Naval  District.  These  panels  were  fabricated  with  the  con- 
crete used  in  placing,  "Turn-up  Pads,"  at  the  Naval  Air  Station,  Norfolk, 
Virginia.  The  panels  were  shipped  in  wet  saw  dust,  well  packed,  and 
received  in  good  condition.  After  being  moist  cured  for  28  days,  they 
will  be  dried  at  73°F  and  50%  relative  humidity  for  different  periods 
of  time  before  subjecting  them  to  the  jet  impingement  test. 
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